Abstract A total of 187 different species of arboviruses and other viruses in vertebrates were identified at the Evandro Chagas Institute (IEC) from
Introduction and historical background
Arbovirus studies conducted in many areas of the Brazilian Amazon region over the past 44 years have identified a large number of viruses. At least 187 different arboviruses have been isolated for a total of more than 10,000 times (a world record). Such large numbers of viruses is due to the fact that this region contains an astounding diversity of both arthropods and terrestrial and arboreal vertebrates and an essentially endless variety of ecological conditions, not to mention the efforts by energetic and enthusiastic personnel working at the Evandro Chagas Institute (IEC).
Thirty-two of these agents are known to be pathogenic to humans, causing fever, exanthematic fever, hemorrhagic disease, and encephalitis. Four of the viruses are relevant to public health because of their ability to cause severe human illness or even death and because they are also involved in epidemics (Vasconcelos et al., 1992) . These four are dengue, yellow fever, Mayaro, and Oropouche. Dengue is associated with febrile exanthematic illness, in addition to its potential for causing hemorrhagic fever. Mayaro is also associated with febrile exanthematic disease. Yellow fever is the only arboviral hemorrhagic disease found in the region, while Oropouche causes a febrile illness sometimes accompanied by aseptic meningitis. Oropouche and dengue are active in urban areas, while Mayaro and yellow fever occur mainly in rural areas. Twenty-eight other arboviruses have been involved with febrile illness causing few or sporadic cases (Vasconcelos et al., 1992) (Table 1 ).
Methods
Samples collected from different sites were processed for virus isolation as follows: blood and viscera of vertebrates and pools of mosquitoes were stored in a mechanical freezer (-70 o C or lower) until processed for virus isolation in the laboratory. Samples were thawed and tissue homogenized thoroughly, using mortars and pestles into the containment cabinet, and diluted in a phosphate borate saline (PBS) solution with pH 7.4 containing 0.4% of bovine albumin (fraction V), streptomycin (100µg/ml), and penicillin (100 IU/ml). Homogenates were centrifuged at 1,000g for ten minutes and the supernatants were inoculated into six suckling mice per cage. The inoculated animals were observed daily for three weeks. If signs of disease were observed, one to two animals were sampled.
The isolated strains were subsequently identified using panels of hyperimmune ascitic fluid or serum for the strain and known arboviruses using complement fixation, hemagglutination-inhibition, immunofluorescence, and neutralization, as previously described (Beaty et al., 1989 ).
Summary of principal findings for arboviruses infecting humans Ecological aspects
Arboviruses are maintained in nature in cycles involving preferential hematophagous arthropod vectors and vertebrate hosts (WHO, 1985) . These viruses are transmitted biologically by their vectors to susceptible vertebrate hosts. The amplifying vertebrate host develops viremia of sufficient titer and duration to infect subsequently feeding vectors. Vector infection is typically lifelong, with no apparent ill effects. Certain arboviruses may be transmitted transovarially and venereally by their arthropod vectors (WHO, 1985) .
Occasional hematophagous arthropods may serve as arbovirus vectors. Known vectors include mosquitoes, ticks, sandflies, midges, and possibly mites. Two types of vertebrate hosts are of particular importance: those that serve as sources of vector infection and those that do not but in which overt disease occurs. From an epidemiological standpoint, the former are of primary interest, because together with the vector they serve as reservoirs, disseminators, and amplifiers of arboviruses. Human infection is usually a biological accident, and humans are typically dead-end or tangential hosts for the virus. Except for the urban yellow fever, dengue, and Oropouche viruses, humans do not appear to play an essential or important role in the maintenance and dissemination of arboviruses in the Amazon region (Vasconcelos et al., 1992) .
Except for dengue, the arboviruses isolated in the Brazilian Amazon are maintained by different cycles, some complex and not wellknown, involving many vectors and vertebrate hosts. Thus, dengue virus has a simple cycle whereby the serotypes are directly transmitted to humans by Aedes aegypti mosquito bites. Oropouche virus is transmitted to man in urban areas by the biting midges Culicoides paraensis, while sloths, monkeys, and wild birds may play an important role in its maintenance cycle (Pinheiro et al., 1981a) . Mayaro and yellow fever viruses in the jungle are mainly trans-mitted by the Haemagogus janthinomys mosquito, and monkeys are the main hosts (Pinheiro et al., 1981b) . Indeed, Haemagogus albomaculatus, Sabethes chloropterus, Sabethes soperi, Aedes fulvus, and others have been found infected less frequently with yellow fever virus Vasconcelos et al., 1997) .
Epidemiological aspects
The epidemiology of each arbovirus disease is determined by the preferred vector-vertebrate natural cycle. Arbovirus activity is clas-sified as enzootic, involving sporadic or intermittent cases, or epizootic, involving significant outbreaks ( WHO, 1985) . Infections with arbovirus maintained in enzootic cycles are generally caused by human (or animal) impingement on the natural cycle; such virus cycles are designated as rural, sylvatic, or jungle cycles. Infections during epidemics typically result when an arbovirus is introduced into a susceptible vertebrate population associated with a competent vector population. This is usually associated with natural cyclical conditions, such as heavy rain- fall, which are conducive to intense vector breeding (Shope, 1997) . Outbreaks of febrile disease have provided opportunities to find arboviruses in humans and domestic animals. These early studies revealed active yellow fever, Mayaro, Eastern equine encephalitis (in horses), and Oropouche viruses (Vasconcelos et al., 1992) .
Epidemics have been reported in the States of Amazonas, Pará, Rondônia, and Roraima. Unplanned urbanization is the most important factor for the reemergence of dengue in the Amazon region. Dengue fever epidemics are now occurring in those States, but hemorrhagic cases have not been reported to date (Vasconcelos, 1999b) .
Oropouche virus, transmitted to humans by the biting midge Culicoides paraensis, has been responsible for large epidemics in almost all States of the Amazon region and has infected approximately 500,000 inhabitants (Pinheiro et al., 1981a .
Mayaro virus has been responsible for small epidemics of febrile exanthematic illness in rural population of the Amazon region, since its vector, Haemagogus janthinomys, is a sylvatic mosquito that is rarely seen outside of the forest (Pinheiro et al., 1981b; Vasconcelos et al., 1992) .
Yellow fever virus has been responsible for epidemics of hemorrhagic fever in the Amazon region, and non-immune individuals entering the forest are infected with increased frequency during the rainy season (Vasconcelos et al., 1997) .
Twenty-eight other arboviruses have been involved with febrile illnesses causing few or sporadic cases (Table 1) . Among these, the most important and prevalent based on serological surveys conducted in the Amazon Basin are Eastern equine, Western equine, and Saint Louis encephalites, Mucambo, Guaroa, Tacaiuma, group C, and Guama viruses (Vasconcelos et al., 1992; Shope et al., 1998) .
It is important to emphasize that different arboviruses can be transmitted by the same mosquito species and can also infect different species of vertebrates, including humans. A single virus can also infect and be transmitted by several species of mosquitoes of different genera (Woodall, 1967; Travassos da Rosa et al., 1986) . For example, the main sylvatic vector for yellow fever in the Amazon region as previously mentioned is Haemagogus janthinomys, but it may also be transmitted by other sylvatic Haemagogus, Sabethes, and Aedes mosquitoes to monkeys and possibly to humans Vasconcelos et al., 1997) . In addition, Haemagogus janthinomys is frequently found infected with the Mayaro virus, and also with Tacaiuma, Jurona, and other viruses (Woodall, 1967; Dégallier et al., 1989 Dégallier et al., , 1992a . Table 2 summarizes these data for yellow fever and several other arboviruses. This is important for understanding the complex relationships of these arboviruses to the environment and to help explain the complexity of their ecology, epidemiology, and maintenance cycles.
Another key aspect is human participation in these cycles. In general humans are infected incidentally when they invade the viruses' ecological niches. Therefore, with the exception of the four viruses associated with epidemics and which cause considerable economic and social impacts, including fatal outcomes (as observed for dengue and yellow fever), the real involvement of these arboviruses as systematic agents of human disease is unknown in the Amazon region (Vasconcelos et al., 1992) .
Nonetheless, several arboviruses are extremely widespread, reaching all of the Americas in some cases, like the Eastern equine, Western equine, and Saint Louis encephalitis viruses, important etiologic agents of central nervous system disease in humans (and also in equines in the case of the first two viruses). Migratory birds have been incriminated as carrying these arboviruses over long distances, with seasonal climatic changes being associated with this migration and ultimately for emergence of the viruses (Luby, 1979; Morris, 1988; Reisen & Monath, 1988; Vasconcelos et al., 1991) .
Environmental management and emergence and reemergence of arboviruses
Environmental changes can involve natural cyclical climatic modifications or the result of human endeavors such as deforestation, dam and highway construction, and mining.
In the Brazilian Amazon region, according to comparative studies conducted in the 1970s and 80s in Altamira and Tucuruí counties before, during, and after the construction of a dam in Tucuruí, Pará State (Pinheiro et al., 1977; Dégallier et al., 1992a) , inadequate environmental management can disrupt the forest's stable state, leading to a series of phenomena including the increased incidence of known viruses or the emergence of new ones. Table 3 provides examples of arboviruses that emerged or reemerged in the Brazilian Amazon region and the factors explaining this emergence/ reemergence (Vasconcelos, 1999a) . Many hu-man activities can alter the forest's fragile equilibrium. The following section describes the most important factors in the Brazilian Amazon region.
Deforestation for agriculture
This practice has been incriminated for several decades in sylvatic yellow fever outbreaks in Latin America. In Brazil, extensive areas have been razed to open the land for cattle ranches, during which the tree felling attracts a large contingent of susceptible or non-immune individuals from urban areas in search of work (Strode, 1951) . Deforestation for cattle ranching has thus become the main factor in the reemergence and increase in reported yellow fever cases in Brazil in recent years (Vasconcelos et al., 1997; Vasconcelos et al., submitted) . The spread of the Mayaro and Oropouche viruses may also have resulted partially from this practice (Pinheiro et al., 1981a (Pinheiro et al., , 1981b (Pinheiro et al., , 1994 . Highway construction
During the early 1970s, construction began on an extensive network of highways across vast areas of virgin tropical forest in the Amazon region of Brazil. Studies were conducted at numerous sites along these highways to determine the possible occurrence of arboviruses and to assess their public health relevance. As a result, a number of arboviruses were isolated, some known previously and others new to science. The new viruses included six members of the Phlebotomus fever serogroup (family Bunyaviridae, genus Phlebovirus), 12 members of the Changuinola serogroup (Reoviridae, genus Orbivirus), five members of several serogroups from the family Bunyaviridae (genus Bunyavirus), four viruses belonging to other families, and six ungrouped viruses (Pinheiro et al., 1977; Dégallier et al., 1992a; Travassos da Rosa et al., 1992a (Dégallier et al., 1989 (Dégallier et al., , 1992a Vasconcelos, 1999a; Travassos da Rosa et al., 1992b) . The impact of the increase in arthropod populations is illustrated by the Gamboa virus isolated at Tucuruí, where the ornithophilic mosquito species Aedeomyia squamipennis had not been observed before the flooding. During and after flooding the reservoir area, large numbers of this species were obtained. Inoculation of these mosquitoes provided isolation of 91 strains of Gamboa-like virus. During the same period, three strains of Gamboa-like virus were isolated from various avian species. It is worthy of note that this virus had not been isolated previously in Brazil. Environmental change was thus responsible for the emergence of this virus (Dégallier et al., 1992a; Vasconcelos, 1999a) . This example clearly illustrates the emergence of a new virus in a region where intensive studies in 1982-84, prior to the change in the environment, had not identified its presence. Other alterations in the ecosystem occurred in this area, involving hematophagous arthropods and wild vertebrates, but the full chain of events is uncertain (Vasconcelos, 1999a) .
Colonization/urbanization
Colonization of new areas in the wake of highway construction, with major demographic flux and environmental change, has been associated with the spread of viruses. One can expect that outbreaks in these settlements will occur as the population increases, resulting from susceptible people living and working close to the forests and exposed to large numbers of infected vectors (Pinheiro et al., 1977) .
The Oropouche virus is the best documented example in this category. Dwellings built af- Hydroelectric dam*; Not to date deforestation; mining * During dam construction in Tucuruí, Pará State, millions of hematophagous insects were obtained in a few days, from which several strains of previously known and new viruses were obtained. 1 In this serogroup from the Bunyaviridae family, the new virus species Arumateua, Caraipé, and Tucuruí were isolated, and increased circulation of the Lukuni, Tacaiuma, and Trombetas viruses occurred. 2 In this serogroup from the Reoviridae family, 27 new virus species were isolated in Tucuruí, four in Carajás (associated with pit mining), and 8 in Altamira (deforestation for several purposes) from phlebotomine sandflies.
ter clearing forest areas have been suggested as the main factor in the emergence of Oropouche virus epidemics in the Brazilian Amazon region (Pinheiro et al., 1981a . Numerous susceptible individuals enter peripheral areas, and many enter the forest (and possibly the virus's epidemiological niche) searching for food, clearing new areas, and extracting forest products. During such activities, contact between infected vectors and susceptible individuals is facilitated and transmission can occur; the infected individual returns to the community, where an epidemic transmission cycle can be established without wild or domestic vertebrates if the urban vector (Culicoides paraensis) is present. Evidence for this hypothetical mechanism has been observed and proposed as a plausible explanation for the explosive epidemics and the extensive spread of Oropouche virus in the Amazon basin (Pinheiro et al., 1981a (Pinheiro et al., , 1994 .
Use of land and subsoil
Improper mining practices and inadequate land use can facilitate contact between humans, vectors, and arboviruses. For example, gold miners entering the forest have caused environmental hazards like mercury pollution on land and in the rivers, besides fostering mosquito replication. In the early 1990s, large contingents of miners moved from several places (especially from the Serra Pelada mining area) to the Yanomami Indian reservation in extensive areas of Amazonas and Roraima States.
Illegal activity by miners was responsible for intense environmental modification that resulted in the introduction and/or transmission of several diseases that had never been diagnosed among the Yanomami (malaria, hepatitis B/D, and yellow fever). In 1991, about a year after miners invaded their territory, environmental changes were followed by a yellow fever epidemic. Since then this virus has been diagnosed periodically among the Yanomami, with a high case-fatality rate Instituto Evandro Chagas, 1996 , 1999 .
In the Carajás area, studies conducted by the IEC from 1982 to 1987 revealed a rich fauna of wild vertebrates and arthropods that furnished several strains of arboviruses, some new to science. This region harbors ecosystems rich in arboviruses, and natural resources must be exploited carefully and rationally to avoid outbreaks from the current foci of infestation existing in the forest (Travassos da .
Studies in Carajás and several other areas (Jari, Porto Trombetas, Cachoeira Porteira, and Santana) with mining projects led to the isolation of 24 new viruses, among which four members of the Phlebotomus fever serogroup, 11 from the Changuinola serogroup, six from other families (two Rhabdoviridae, genus Vesiculovirus, and one each from Arenaviridae, Bunyaviridae, Flaviviridae, and Paramyxoviridae) , and four unclassified viruses (Travassos da Instituto Evandro Chagas, 1996 , 1999 .
Climate and seasonal occurrence
Reported epidemics caused by arboviruses have been documented in the first half of the year. Oropouche virus outbreaks have occurred from March to July (Linley, 1983) . This occurrence is intrinsically associated with climate change and increased rainfall, which is heavier in the Amazon during the first half of the year. Increased rainfall thus contributes to reproduction of hematophagous arthropod arbovirus vectors, and if other epidemiological factors are present, epidemics can occur. For example, yellow fever and Mayaro epidemics have also been reported more frequently in the first half of the year (Pinheiro et al., 1981b; Vasconcelos et al., 1997) . Table 4 shows examples of arbovirus epidemics and seasonal occurrence.
Discussion and conclusions
Arboviruses occur naturally in the Amazon forest, but they depend on complex mechanisms for their maintenance (Brés, 1988) . The broad biodiversity in terms of number of species and quantity of individuals for each species in the Brazilian Amazon is the key factor in the region's large number of arboviruses (Vasconcelos et al., 1992) .
Regarding manmade environmental changes, it is important to emphasize that when large forest areas are razed and/or flooded during dam construction, arthropod vectors and wild animals, the two main factors in the arbovirus sylvatic maintenance cycle, must adapt quickly or die. Obviously, arboviruses harbored by them tend to disappear quickly, since the ecotope of several arboviruses is limited, that is, their distribution is focal, restricted to small ecotopes or ecological niches (Reeves, 1963; Vasconcelos et al., 1992) .
Consequently, any modification in the environment can take two different directions: if the change is positive for virus survival, the arbovirus spreads and can infect humans, or if it already was infecting humans, it can cause limited or explosive epidemics, depending on the distribution and abundance of its vectors. However, if environmental changes are negative for the virus, the latter tends to disappear (Reeves, 1963; Vasconcelos et al., 1992) .
The former hypothesis is the most probable explanation for the explosive epidemics of Oropouche fever in Pará State in the 1960s and 70s, as well as in other States of the Amazon region and other Latin American countries in the 1980s and 90s (Table 4) , as observed in Peru and Panama (Pinheiro et al., 1981a Watts et al., 1998) . Table 2 shows the most important observations on the circulation of several arboviruses in the Brazilian Amazon region and the possible factors involved in their emergence or reemergence.
The latter hypothesis is more difficult to prove. But it is the most plausible explanation for the silence of many virus species isolated only once or a few times, from which no further signs of activity were observed. This may be especially true for those arboviruses whose vectors are anthropophilic and are widely distributed in the region.
Finally, it is clear that further studies are needed on intensive human migration, with colonization, mining, dam construction, and other activities that change the environment and modify established ecosystems in order to shed light on several aspects of the epidemiology, ecology, life cycles, and distribution of this group of viruses (Vasconcelos et al., 1992) . Moreover, intervention in the biotopes is increasingly frequent, and research must be done to achieve reliable evaluations of these changes and their implications. Consequently, cross-analyzing information through this interface can result in valuable data and should answer many of those questions (Vasconcelos et al., 1992) . To conclude, as Shope (1997:22) 
